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Deep Learning + Deep Thinking = Deeper Understanding

Power of AI/ML to process 
large, rich datasets

First principles and best 
practices from physics

See dedicated session 
later today!

https://iaifi.org
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A Model of Dark Particle Physics?

How rich is the dark sector of matter?
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dark
higgs?

dark
quarks?

dark
leptons?

dark
forces?

Dark
nucleons

and nuclei?

Group Overview
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We primarily work on the 3 main topics below, though we also do some work on QCD physics, etc.

Real-Time Data Processing @ LHCb Dark-Sector Physics

Robust & Interpretabile AI / AI for Scientific Discovery



Real-Time Calibration & Analysis

5 TB/s post zero 
suppression 

(30 EB / year)

event building on FPGAs 
partial event inference on 2 GPUs 

per node 
classification, keep 3% of events

170 custom nodes

30 PB disk buffer

data buffered while all 
calibrations are run

150 GB/s

full event inference 
classification, keep all info for 5% 
of remaining events, and selected 

info for another 5% of events

100k CPU cores

We developed a novel neural network architecture that guarantees robustness and monotonicity (NeurIPS), which has 
been adopted for all major classification tasks. We also showed that our LHCb tech beats SOTA performance in medicine, 
criminal justice, finance, etc. [ICLR 2023]

60 PB / year

offline 
storage

Our group played a leading role 
in developing the Allen project 

(fully GPU-based HLT1).

Our group develops most of 
the primary selection algorithms 

for LHCb.
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Strong constraints on WIMPs up to O(TeV) from production searches at the LHC, and from 
both direct and indirect dark matter searches.
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Weakly Interacting Massive Particles (WIMPs)

beautiful 
theory

Dark
Matter

A Model of Dark Particle Physics?

How rich is the dark sector of matter?
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extended
higgs

more
fermions

more
bosons

make it

break it

shake it

SM

SM

WIMP Miracle: If DM particles have EW-scale masses and interactions, and were in thermal 
equilibrium with SM particles in the early universe, the predicted relic DM density agrees with 
the observed value in the universe today. 
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Hidden (Dark) Sectors
What if there is no connection between the SM and dark sector up to the Planck scale? 

(Hidden sectors can result from a Grand Unified Theory (GUT) of nature, and are generic in string theory constructions.)

lightest DM particle could be 
stable because it’s (dark) charged

A Model of Dark Particle Physics?

How rich is the dark sector of matter?
Mike Williams 9

dark
higgs?

dark
quarks?

dark
leptons?

dark
forces?

Dark
nucleons

and nuclei?
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<latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit><latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit><latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit><latexit sha1_base64="rld6jd05QhufWNRJJ69d1Vyob7g=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+wFpKJvtpF262Q27m0IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJTFFtUcqm6EdHImcCWYYZjN1VIkohjJxrfz/3OBJVmUjyZaYphQoaCxYwSY6WgNyEKU824FP1qzat7C7jrxC9IDQo0+9Wv3kDSLEFhKCdaB76XmjAnyjDKcVbpZRpTQsdkiIGlgiSow3xx8sy9sMrAjaWyJYy7UH9P5CTReppEtjMhZqRXvbn4nxdkJr4NcybSzKCgy0Vxxl0j3fn/7oAppIZPLSFUMXurS0dEEWpsShUbgr/68jppX9V9r+4/Xtcad0UcZTiDc7gEH26gAQ/QhBZQkPAMr/DmGOfFeXc+lq0lp5g5hT9wPn8Auc+Rhw==</latexit>

" ⌘ h�0
|�i ⇡ O(10�5)�O(10�3)

<latexit sha1_base64="qqgEzaI5E/YTJ+Fo9C2S5T4PBi0="></latexit><latexit sha1_base64="qqgEzaI5E/YTJ+Fo9C2S5T4PBi0="></latexit><latexit sha1_base64="qqgEzaI5E/YTJ+Fo9C2S5T4PBi0="></latexit><latexit sha1_base64="qqgEzaI5E/YTJ+Fo9C2S5T4PBi0="></latexit>

As long as the sectors are connected at some scale (e.g. if they are both part of a GUT), then 
quantum mechanical mixing between the photon and dark photon is unavoidable. We can 
make it in the lab, and it can decay into SM particles that we can detect.
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Deep Learning + Deep Thinking     Deep Understanding

Liu, Kitouni, Nolte, Michaud, Tegmark, MW [Oral Highlight @ NeurIPS 2022, 2205.10343]
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Applying this same idea to nuclear data tables — the machine learns the Shell Model and Pauli 
Exclusion Principle on its own! This may be a novel approach to the scientific method itself. 

In simple problems, e.g. algorithmic ones, AI may seem to do very strange things, but in some cases 
we have been able to use physical reasoning to not only gain qualitative understanding, but to also 
develop theories that can quantitatively describe the learning dynamics. 



Summary & Messages

• PhD projects typically involve at least 2 of the following components: work on the real-time data-
processing system, at least one (often more) data analyses leading to publications, an AI-based project, 
and a phenomenology/theory project (or multiple of these). (There is a lot of freedom in determining what 
goes into your PhD.) 

• Our group is a leader in the Real-Time Analysis (RTA, formerly Trigger) Project.  

• We work in small collaborations on projects with excellent visibility and very high impact.  

• I am the Deputy Director of the IAIFI. Many LHCb group members are also in the IAIFI and spend 
considerable time working on AI projects.  

• Our past students have been successful in moving into the careers they wanted (both academia and 
data-science industry). 

• Good luck with your decision! (No matter what you decide, it will almost certainly work out well.) 

• Please come to the IAIFI / PhD in Physics, Statistics, & Data Science session later today!
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